P < 0.05). Severe (but not moderate) pain interference as compared with no or low pain interference was additionally associated with new occurrences of myocardial infarction, any liver disease, other liver disease, and arteriosclerosis (all P < 0.05).
Introduction
Pain is a commonly presenting problem in primary care [1] , and routine pain assessment and management is recommended in medical settings [2] . Pain interference-or the perceived disruption in daily activities, relationships, roles, and employment resulting from physical pain-is an index of functioning, has prognostic importance, is a common medical complication following certain types of injury and disease, and is an important outcome variable in pain-related clinical trials [3] [4] [5] . The biopsychosocial model emphasizes that the experience of pain is complex and is not adequately explained by biomedical factors alone; pain intensity and pain interference involve a dynamic interplay between physiological, psychological, and social factors [6] [7] [8] . It is estimated that one in five visits to primary care providers involves pain or other somatic complaints that are not attributable to biomedical conditions [9] .
Epidemiological studies of pain interference have generally focused on specific subgroups (e.g., older adults, persons misusing or abusing prescription medications) [10] [11] [12] [13] [14] [15] [16] [17] ; few studies have examined general medical condition concomitants of pain interference in the general population. Consequently, the temporal association between pain interference and the onset of general medical conditions is poorly understood. While pain interference may follow the onset of a general medical condition (e.g., arthritis), the inverse may also occur. Unhealthy lifestyle (e.g., high calorie-laden diet, reduced exercise) and side effects of some analgesic medications may result in increased risk of an incident general medical condition.
The availability of data from successive waves of the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) facilitates a longitudinal (rather than cross-sectional) examination of pain interference and a set of general medical conditions. Whereas we previously reported on pain interference and incident psychiatric disorders using the NESARC, we did not report on findings related to general medical conditions [18] . The purpose of the current study was to extend previous work on pain interference by examining the association of past-month pain interference with the incidence of common general medical conditions at a three-year follow-up point. Based on prior findings that pain interference in the NESARC was positively associated with incident substance use, mood, and anxiety disorders [18] , we hypothesized that pain interference would be positively associated with incident general medical conditions.
Methods

Sample
We performed a secondary data analysis of wave 1 (2000-2001) and wave 2 (2004-2005 ) data from the NESARC, which was conducted by the National Institute on Alcohol Abuse and Alcoholism and the US Census Bureau. Wave 1 of the NESARC recruited a nationally representative sample of 43,093 noninstitutionalized adults and was designed to oversample individuals from Hispanic and African American households and individuals aged 18-24 years [19, 20] . Wave 2 NESARC interviews were administered on 34,653 respondents, corresponding to a response rate of 86.7% (from wave 1 data collection, 1,403 respondents had died, 950 were unavailable due to being on active duty in the US Armed Forces, and 781 had been deported or were physically or mentally impaired). Data from NESARC waves 1 and 2 were weighted to accommodate sampling strategies and nonresponses. Wave 2 NESARC data were also weighted to adjust for the presence of any lifetime wave 1 psychiatric disorder [22] . For the purposes of the current study, we restricted the sample to the 34,465 respondents who provided information about pain interference at wave 1 and participated in both survey waves. Participants provided informed consent. The current study of de-identified publicly accessible NESARC data was presented to the Yale Human Investigations Committee and exempted from institutional review board review under federal regulation 45 CFR Part 46.101(b).
Measures
Sociodemographics
Participants provided information about gender (male, female), race or ethnicity (black, Hispanic, white, other), marital status (married/cohabitant, previously married, never married), education (less than high school, high school graduate, some college, college or higher), employment (full-time, part-time, not working), household annual income, and age.
Psychiatric Disorders and Stressful Life Events
DSM-IV Axis-I and Axis-II psychiatric disorder data [21] were collected as part of the NESARC by trained lay interviewers using the Alcohol Use Disorder and Associated Disability Interview Schedule-DSM-IV version (AUDADIS-IV), a structured diagnostic interview with demonstrated test-retest reliability [19, 25] . The NESARC did not assess all DSM-IV Axis-I or Axis-II disorders because of concerns about time demands and respondent burden [26] . Consistent with prior studies [27, 28] , we grouped AUDADIS-IV-derived past-year Axis-I diagnostic variables as follows: any mood disorder (major depression, dysthymia, mania, hypomania); any anxiety disorder (panic disorder with or without agoraphobia, agoraphobia, social phobia, specific phobia, generalized anxiety disorder); any substance use disorder (alcohol abuse/dependence, drug abuse/dependence, nicotine dependence). Past-year criteria were used for Axis-I disorders, while lifetime criteria were used for Axis-II disorders. AUDADIS-IV-derived personality disorders were grouped as any Axis-II (personality) disorder (paranoid, schizoid, histrionic, antisocial, avoidant, dependent, obsessive-compulsive). General medical condition and substance use exclusions were employed; thus, psychiatric diagnoses can be viewed as orthogonal or "primary" as per DSM-IV/DSM-IV-TR guidelines [21, 23, 29] .
The AUDASIS-IV assessed past-year occurrence of twelve stressors, which were derived from the List of Threatening Experiences [30] and the Schedule of Recent Events [30, 31] . The total number of stressful events was calculated (ranging from 0 to 12).
Dependent Variables
Dependent variables were general medical conditions, which were coded in a binary manner to denote the absence or presence of incidence in the interval between waves 1 and 2. The NESARC assessed 11 self-reported past-year general medical conditions: angina, tachycardia, myocardial infarction, other heart disease, cirrhosis, other liver disease, stomach ulcer, gastritis, arthritis, arteriosclerosis, and hypertension. Eight of the 11 were also grouped as: 1) heart conditions (angina, tachycardia, myocardial infarction, other heart disease); 2) liver disease (cirrhosis, other liver disease); and stomach conditions (stomach ulcer, gastritis). Only general medical conditions that respondents reported had been diagnosed by a medical professional were considered conditions in analyses [10, 32] .
Independent Variable
Pain interference was assessed at wave 1 using an item from the 12-item short-form self-report scale (SF-12) of health-related quality of life (HRQL) [33] : "During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the home and housework)?" Similar to previous research, respondents' answers to this five-point item were used to classify them into one of three pain interference groups: 1) "no/low pain interference" (i.e., those reporting their pain interference as "not at all" or "a little bit"); 2) "moderate pain interference" (i.e., those reporting their pain interference as "moderate"); and 3) "severe pain interference" (i.e., those reporting their pain interference as "a lot" or "extreme") [11, 32] .
Covariates
We adjusted for the following variables collected at wave 1 as they were previously found to be associated with the prevalence of pain interference or general medical conditions: age, education, employment, race/ethnicity, marital status, household income, body mass index (BMI), number of stressful life events, and wave 1 psychiatric disorders.
Data Analysis
Data analyses were conducted in 2014 with SUDAAN 10.1, a statistical package that accounts for a multistage clustered sampling strategy. Respondents were categorized at wave 1 according to past-month pain interference (i.e., no or low pain interference, moderate pain interference, severe pain interference), while data on general medical conditions were collected at waves 1 and 2. We calculated the three-year incidence of each general medical condition (by pain interference level) by dividing the number of new cases by the baseline population at risk (participants who reported no history of that condition at wave 1) and multiplying this value by 100 (presented as weighted %). We used longitudinal data analytic procedures similar to those employed in prior investigations of incident outcomes in the NESARC [34] [35] [36] [37] [38] . Logistic regression procedures were used to construct a fully adjusted model that examined the main effects of pain interference: Models were adjusted for wave 1 sociodemographics (age, education, employment, race/ethnicity, marital status, annual household income), BMI, number of stressful life events, and psychiatric disorders (any past-year mood disorder, any past-year anxiety disorder, any past-year substance use disorder, any lifetime personality disorder). Adjustment for these covariates is common in longitudinal NESARC studies [28, 34, 36, 37] . Respondents with a lifetime history of the general medical condition(s) of interest at wave 1 were omitted from the analytical sample; thus, outcomes represent incident rather than chronic or recurrent episodes of the medical condition of interest.
We present the multivariate-adjusted odds ratios (ORs) and their corresponding 95% confidence intervals (CIs). ORs reflect the magnitude and direction of the association between pain interference and the incident general medical condition of interest; findings are statistically significant (at P < 0.05) when the 95% CI does not include 1.0. Statistical significance was determined with the Wald F-test and was set at P < 0.05 for the category of any incident general medical condition. As significant findings were observed for the overall category of any general medical condition, follow-up analyses to investigate conditions that may be underlying these relationships examined any heart condition, any liver disease, or any stomach condition, as well as the 11 individual general medical conditions.
Results
Baseline Pain Interference and Associated Respondent Characteristics
As previously reported [18] , the prevalence of no or low pain interference, moderate pain interference, and severe pain interference at wave 1 was 81.2% (N ¼ 27,522), 7.4% (N ¼ 2,659), and 11.4% (N ¼ 4,284) , respectively. As shown in Table 1 , pain interference levels at wave 1 were associated with gender, race/ethnicity, marital status, education, employment, household annual income, BMI, age, psychiatric disorders, and stressful life events. Possible gender-based interactions between pain interference and incident general medical conditions were explored, but significant findings were not identified and thus not reported. Table 2 summarizes the pattern of bivariate associations observed between past-month pain interference levels at wave 1 and incidence of general medical conditions during the three-year follow-up period. In unadjusted analyses, wave 1 pain interference was associated with the new onset of any general medical condition; any heart condition, including angina, tachycardia, myocardial infarction, and other heart disease; any liver disease, including other liver disease; any stomach condition, including stomach ulcer and gastritis; arthritis; arteriosclerosis; and hypertension (all Ps < 0.0001). Table 3 summarizes the multivariate associations between pain interference levels at wave 1 and the incidence of general medical conditions. After adjusting for wave 1 covariates (sociodemographics, BMI, stressful life events, and psychiatric disorders), respondents who reported moderate or severe pain interference were more likely than those with no or low pain interference to exhibit a new onset of any medical condition; any heart condition, including angina, tachycardia, and other heart disease; any stomach condition, including stomach ulcer and gastritis; arthritis; and hypertension. Additionally, respondents with severe pain interference at wave 1 were more likely than those with no or low pain interference to have a new onset of myocardial infarction, any liver disease, other liver disease, and arteriosclerosis.
Pain Interference and Incident General Medical Conditions
Discussion
We examined-in a prospective, longitudinal mannerthe relationship between past-month pain interference and incident general medical conditions in a nationally representative sample after controlling for multiple potentially confounding variables. The primary findings of this study are that moderate and severe pain interference were associated with new onset of multiple medical conditions (any medical condition; any heart condition, including angina, tachycardia, and other heart disease; any stomach condition, including stomach ulcer and gastritis; arthritis; and hypertension) and that severe (but not moderate) pain interference was associated with the new occurrence of myocardial infarction, any liver disease, other liver disease, and arteriosclerosis.
Pain Interference and Incident Medical Conditions
Few studies have examined associations between pain interference and medical conditions; most studies to date have investigated the occurrence of pain interference following an injury or disease or as an index of functioning [3, 4] . Our study extends prior studies by demonstrating that pain interference may also precede the onset of a variety of general medical conditions. While general medical conditions such as cirrhosis, gastritis, and arthritis may result in pain interference, it is also possible that the inverse occurs. For example, pain interference may: 1) negatively affect delivery of preventive care and thus increase the likelihood of the onset of some medical conditions [39] ; 2) lead to use of medications with adverse effects that could promote development of a new medical condition (e.g., gastritis) [40] . It is noteworthy that respondents with moderate or severe pain interference reported elevated rates of liver disease and heart disease as these adverse effect-related conditions may result from use of over-the-counter pain medications, such as nonsteroidal anti-inflammatory drugs and acetaminophen, or nonmedical use of opioids (e.g., hepatitis C related to injection of prescription opioids or heroin) and 3) result in unhealthy behaviors such as unhealthy diet, reduced exercise, and increased substance use, which might increase the risk of new medical conditions.
Limitations and Strengths
This study had several potential limitations. First, levels of pain interference were assessed using a single item from the SF-12. Although this item has been used in previous epidemiologic and community studies [10, 11, 16, 32, 41] , future research might benefit from including a more comprehensive pain interference scale (e.g., West Haven-Yale multidimensional Pain Inventory [42] ; Brief Pain Inventory-Short Form [43] ) to capture specific domains of pain interference (e.g., interference in work or social domains). Moreover, the use of the single-item assessment of pain interference precluded an examination of possibly important contextual factors such as pain onset, location, intensity, and duration; associated alleviating and aggravating factors; and painrelated diagnoses or treatments [32] . Second, the NESARC did not exhaustively assess medical conditions because of concerns about response burden. Therefore, some noncommunicable conditions associated with disease burden (e.g., some cardiovascular diseases, pulmonary diseases) [44] and certain diagnoses of potential clinical relevance to pain interference (e.g., diabetes, cancers) were not assessed; thus, the possibility exists that the omission of these variables is a confounder for interpreting the apparent relationship between pain interference and incident general medical conditions. Future research examining the general medical condition correlates of levels of pain interference might benefit from the inclusion of measures that assess these conditions. Third, although we did control for substance use disorder status, we did not control specifically for levels of smoking and use of pain medication, both of which may be associated with pain interference [45, 46] . Future studies should investigate specifically the relationships between use of specific substances, pain interference, and incident medical conditions. Fourth, in addition to not systematically assessing the use of prescribed or over-the-counter pain medication, the NESARC did not collect data regarding receipt of conventional, complementary, or alternative care for pain; these variables may be useful to explore in future research on pain interference and general medical conditions. Finally, one potential explanation linking general medical conditions and pain interference is the issue of physician contact, which was not directly assessed in the NESARC. Thus, respondents with higher pain interference may have been more likely to seek medical care than those without pain interference, and therefore may have had more opportunity to be diagnosed with a general medical condition.
Despite these limitations, this study has multiple strengths: This is one of the first longitudinal examinations of the relationships between pain interference and incident general medical conditions in a nationally representative sample of American adults. Analyses adjusted for several potential confounders. Findings from this study complement those on pain interference using clinical samples. However, unlike studies on clinical samples, which are likely biased toward persons with greater pathology, this study likely presents a more accurate investigation of the relationship between pain interference and incident medical conditions in the community [18] .
Study Implications
While patients presenting with significant pain interference are routinely assessed in clinical practice for medical conditions that may cause pain, our findings suggest that moderate or severe pain interference may precede the onset of general medical conditions. Further studies should examine whether the relationship between pain interference and incident general medical conditions is mediated or moderated by 1) greater opportunity to receive a general medical diagnosis secondary to increased healthcare utilization, 2) patient response to pain interference (e.g., decreased exercise), or 3) side effects of pain treatment (e.g., stomach problems associated with use of nonsteroidal antiinflammatory drugs or acetaminophen). The extent to which incident general medical conditions are associated with alterations in pain interference should also be investigated. Given the associations between pain interference and incident nicotine dependence [18] , and between nicotine use and several general medical conditions [47] , future research should also examine the possible mediating or moderating role of nicotine use in the association between pain interference and incident general medical conditions. The increased risk of chronic medical conditions among the elderly, coupled with the growing number of Americans entering old adulthood [48] , suggests that the examination of the new onset of medical conditions associated with pain interference is likely to increase in clinical importance.
